Introduction: Antibiotic resistance is an increasing concern worldwide, specially in Gram negative bacilli where there is a paucity of new and effective antimicrobial agents. Pseudomonas aeruginosa is inherently resistant to different antimicrobial agents who are responsible for increase in morbidity and mortalities found in all types of patients. The purpose of this study was to evaluate the antibiogram of Multi drug resistant (MDR ), Extremely drug resistance (XDR) and Pan drug resistant (PDR) Pseudomonas aeruginosa. Aims and objectives: To find out the frequency and resistance pattern of MDR, XDR and PDR Pseudomonas aeruginosa. Materials and Methods: This is six month retrospective study, conducted in department of Microbiology a tertiary care hospital and teaching institute. During the study period (July-Dec 2013) routine samples were tested to standard microbiological procedure. Isolates were identified up to species level, Pseudomonas aeruginosa were picked up for further studies. Antibiotic sensitivity testing (AST) was performed by the Kirby-Bauer disc diffusion method, Carbapenemase production was screened by Hodge test and Modified Hodge test, extended spectrum beta lactamse (ESBL) production and AmpC presence were screened by two disc method. According to the sensitivity pattern, the strain was identified as MDR, XDR and PDR Pseudomonas aeruginosa. Results: During the study Pseudomonas aeruginosa were isolated from 198 (21.85%) samples. Among 198, 12 (6.06%) were identified as PDR, 23 (11.6%) were XDR whereas 49 (24.7%) were MDR. Out of 198, 98 (49.49%) were ESBL, 40 (20.20) were Carbapenemase producer and 4 (2.02) were AmpC producer. Conclusions: Though Pseudomonas aeruginosa is inherently resistance to different antimicrobial agents, irrational and inappropriate use of antibiotics is also responsible for the development of resistance to antibiotic. Hence, there is a need to emphasize the "rational drug" to minimize the misuse of antimicrobials. To minimize morbidity and mortalities due to Pseudomonas aeruginosa infection, prior AST is essential to provide specific treatment.
INTRODUCTION
Almost 50 years ago, Pseudomonas aeruginosa was rarely considered as a real pathogen. In the 1970s it was recognized as the microorganism associated with bacteria in the neutropenic host. Nowadays, it is among the most common pathogens involved in nosocomial infections. Hospital reservoirs of the microorganism include respiratory equipment, antiseptics, soaps, sinks, mops and physiotherapy and hydrotherapy pools. [1] It was also noted that Pseudomonas aeruginosa bacteremia is associated with higher mortality than other gram negative bacteremia. [2] Resistance in pathogenic bacteria against antibiotics is a challenge for our clinicians for the management of various infections. [3] Pseudomonas aeruginosa develop resistant to almost all antibiotics
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Evaluation of prevalence and antibiogram of multi drug resistant, extensively drug resistant and pan drug resistant Pseudomonas aeruginosa in patients visiting a tertiary care hospital in central India by various mechanism like biofilm formation, efflux pumps, resistance genes (SHV, IMP, VIM), aminoglycoside modifying enzyme and mutation in various chromosomal genes [4, 5] and exposure to broad spectrum antibiotics and patient-to-patient spread resistant strains. [6] All those isolates of Pseudomonas aeruginosa, which are resistant to at least one antimicrobial agent in three or more anti-Pseudomonal antimicrobial categories are termed as multi drug resistance (MDR) [7] While, extremely drug resistance (XDR) Pseudomonas aeruginosa are defined as all those isolates which are resistant to at least one antimicrobial agent in six or more anti-Pseudomonal antimicrobial categories. [7] While pan drug resistant (PDR) Pseudomonas aeruginosa refers to those isolates, which are resistant to all pseudomonal antimicrobial categories. [7, 8] On development of new antimicrobial agents, bacteria as well develop resistance against these newer agents and thus these antimicrobial agents are playing an important role in the increased resistance of Pseudomonas aeruginosa. MDR, XDR, PDR strains of Pseudomonas aeruginosa alarming as an important cause of morbidity and mortality. So, clinician should be aware of the frequency and susceptibility pattern of the Pseudomonas aeruginosa in order to manage their patients better.
MATERIALS AND METHODS
During the study period (July-Dec 2013) routine samples were tested by standard microbiological procedure and isolates were identified by observing the colony characteristics on the blood agar and Macconkey agar plates and biochemical reaction using standard microbiological methods. [9] Isolates were identified up to species level, Pseudomonas aeruginosa were picked up for further study. Antibiotic sensitivity testing (AST) was performed by the Kirby-Bauer disc diffusion method on Muller-Hinton agar. [10] The following antibiotics were tested: amikacin (30 µg), gentamicin (10 µg), piperacillin (100 µg), ticarcillin (75 µg), aztreonam (5 µg), ceftazidime (30 µg), cefepime (30 µg), piperacillin-tazobactum (100/10 µg), colistin (10 µg), imipenem (10 µg) and meropenem (10 µg).
(Details of Zone and MIC in Table 1 ) Dehydrated media and antibiotic discs were procured from Hi-Media, Mumbai, India. The control strains used during the study were Pseudomonas aeruginosa ATCC (American Type Culture Collection) 27853. The selection of antibiotics and interpretation of inhibition zone sizes were done according to Clinical Laboratory Standards Institute (CLSI-2013) guidelines. [11] For the detection of carbapenem-hydrolyzing metallo-β-lactamase in Pseudomonas aeruginosa was screened by Hodge test and Modified Hodge test. A lawn culture was prepared on Muller Hinton agar by using an overnight culture of Escherichia coli ATCC 25922 and the turbidity was 0.5 McFarland's standard. The plate was drying for at least 15 minutes and then a disc of 10 µg meropenem was applied at the center of the plate, the test isolate was streaked from the edge of the disc to the periphery of the plate. We tested four isolates per plate. After an overnight incubation at 37°C under aerobic conditions, the clover leaf like indentation between the test streaks near the disc was considered as positive for carbapenemase production. For the detection of bacterial resistance to the penicillins, first, second and third generation cephalosporins, and aztreonam (but not the cephamycins or carbapenems) ESBL detection was done. [11] While performing antibiotic sensitivity testing, ceftazidime plus clavulanic acid (30/10 µg) and cefotaxime plus clavulanic acid (30/10 µg) discs were also included along with ceftazidime (30 µg) and cefotaxime (30 µg) discs on Muller-Hinton agar for ESBL detection. Organism was considered as ESBL producer if there was a ≥ 5 mm increase in the zone diameter of ceftazidime/clavulanic acid disc and that of ceftazidime disc alone and or ≥5 mm increase in the zone diameter of cefotaxime/clavulanic acid disc and that of cefotaxime disc alone. Pseudomonas aeruginosa a known in-house ESBL producer was used as negative and positive controls. [10] Simultaneously AmpC screening by phenotypic method was also done. There are no standardized phenotypic screening methods that are rapidly available in microbiological laboratory for AmpC detection. Isolates showing blunting of ceftazidime or cefotaxime zone of inhibition adjacent to cefoxitin disc or showing reduced susceptibility to either of the above test drugs (ceftazidime or cefotaxime) and cefoxitin were considered as "screen positive" for AmpC detection whereas cefoxitin-cloxacillin double-disc synergy test was used to confirm AmpC production by the Pseudomonas isolates. These isolates were simultaneously confirmed by placing the cefoxitin-cloxacillin (30 µg/200 µg) and cefoxitin (30 µg) at 15 mm apart on Muller-Hinton agar plate pre-inoculated with the test strain and incubated at 35°C for 18-24 hours. A difference in the cefoxitin-cloxacillin inhibition zones minus the cefoxitin alone zones of ≥4 mm was considered indicative for AmpC production. [12] According to the sensitivity pattern, the strain were identified as MDR (isolates resistant to at least one antimicrobial agent in three or more anti-Pseudomonal antimicrobial group), XDR (isolates resistant to at least one antimicrobial agent in six or more anti-Pseudomonal antimicrobial group) and PDR (isolates resistant to all anti-Pseudomonal agents). The entire testing was done under strict internal quality control using ATCC (27853) strains. The present study has been approved by ethical committee of our institute.
Inclusion criteria
Samples which showed pure growth of Pseudomonas aeruginosa and isolates which were confirmed in repeat sampling were included in the study.
Exclusion criteria
Mixed growth was excluded in present study.
RESULTS
During the study total of 906 samples were found to be culture positive. Pseudomonas aeruginosa were isolated from 198 (21.85%) samples. Out of 198, 74 (37.37%) were pus, 36 (18.18%) were urine, 32 (16.16%) were BAL, 16 were tip, 12 (6.06%) were blood, 12 (6.06%) were sputum, 10 (5.05%) were tracheal, and 6 (3.03%) were fluid [ Table 2 ]. Among 198, 12 (6.06%) were identified as PDR, 23 (11.6%) were XDR and 49 (24.7%) were MDR. Out of 198, 98 (49.49%) were ESBL producer, 40 (20.20) were carbapenemase producer and 4 (2.02) were AmpC producer. Sensitivity patterns of MDR, XDR and PDR were shown in Table 3 .
DISCUSSION
Pseudomonas aeruginosa is a well-recognized nosocomial pathogen that can cause severe infection in hospitalized patients. Few treatment options remain for serious infection caused by MDR Pseudomonas aeruginosa. Similarly, option are lacking for XDR and PDR Pseudomonas infection. The isolation rate of Pseudomonas aeruginosa in our set up was 21.85%, which is higher to 18% rate of nosocomial infection reported by God et al.,(2007) [13] While lower incidence reported by Khan et al., (2008) [14] in Pakistan 6.67%. In our study MDR, XDR, PDR Pseudomonas aeruginosa were most commonly isolated from PUS sample followed by Urine and Respiratory samples. In our study MDR Pseudomonas aeruginosa were 24.7%, which were more similar to study conducted in Rawalpindi. [15] Beside that the study conducted in Houston by Tam et al., in 2010 was noted 14%. [16] Farhatullah et al., [17] reported a frequency of 29%, in the burnt patients. While, a prevalence of 45.2% has been reported in India. [18] In another study, Aloush et al., have reported an incidence of 14 MDR Pseudomonas aeruginosa per 10,000 hospital admission. [6] Regarding the antimicrobial susceptibility, in the present study, the highest resistance of MDR was found to be gentamicin followed by ticarcillin, aztreonam, amikacin, pipracillin, meropenem, pipracillin tazobactum which is more similar to the study conducted in 2011. [15] Another study reported that MDR Pseudomonas aeruginosa isolated from blood, highly susceptible to Colistin and 100% resistant to cephalosporine and 21% against aminoglycosids. [19] In another study conducted in Turkey found colistin to be most effective against MDR Pseudomonas aeruginosa. [16, 20] In our study, prevalence of XDR Pseudomonas aeruginosa was 11.6%, which is lower from the another study conducted in 2012. [21] In case of XDR higher resistance was found to ceftazidime followed by amikacin, pipracillin tazobactum. In other study conducted in Singapore hospital, resistance noted for commonly used antibiotics such as Amikacin, Cefepime, Ciprofloxacin and Pipracillin tazobactum was 22.3%. [22] In our study 6.06% isolates were PDR which are resistant to all anti-Pseudomonal drug. In fact the irrational and inappropriate use of antibiotics is responsible for the development of resistance of Pseudomonas aeruginosa to antibiotic monotherapy. Hence, there is a need to emphasize the "rational drug" to minimize the misuse of available antimicrobials. Beside that the regular antimicrobial susceptibility surveillance is essential for area-wise monitoring of the resistance pattern and an effective antibiotic policy should be introduced to presence the effectiveness of antibiotics and better management of patients.
In conclusion, MDR Pseudomonas aeruginosa has commonly been reported in nosocomial infection. Hence based on the present study Colistin and Pipracillin tazobactum has shown highest susceptibility to MDR Pseudomonas aeruginosa. While XDR susceptible to Colistin, but the PDR Pseudomonas aeruginosa was resistant to all anti-pseudomonal drug, hence there is no drug for serious infections caused by PDR Pseudomonas aeruginosa, so that no controlled clinical trials guide therapeutic choice for PDR Pseudomonas aeruginosa, until better antibiotics are being developed now. The selection of empirical antibiotic combination therapy may be difficult due to no common effective antibiotic combination. Hence, we recommend continued surveillance of infection with these microbes, proper antisepsis and urgent treatment with appropriate antibiotics according to the antibiotic sensitivity report for decrease in morbidity and mortality due to Pseudomonas aeruginosa infection.
